The detailed high field electron spin resonance (HF-ESR) study of three 3D oxalate-based coordination polymers with antiferromagnetic ordering below 13 K, supported by crystallographic, photoluminescence (PL), elemental (EDX) and X-band ESR analysis, is presented. Two of the investigated compounds gives rise to slightly different g-factors, is discussed with respect to the different colors of these compounds.
Introduction
Coordination polymers (CPs) and metal-organic frameworks (MOFs) are among the most prolific research areas of inorganic chemistry and crystal engineering in the last two decades. [1, 2] They could be identified as a class of porous polymeric materials, consisting of metal ions linked together by organic 5 bridging ligands. [1, 3] Due to the variety of metal ions and ligands, coordination geometry, guests inside the pores and supramolecular structures, an enormous number of CPs with a broad range of structural, catalytic, electrical, magnetic and optical properties has been reported. [3, 4, 5, 6, 7, 8] Oxalate-based CPs have drawn considerable attention in the field of molecule- and a bulky counterion, which templates the dimensionality of these networks and could add a second physical property of interest. [10, 11, 12, 13] A special position have new materials that combine magnetism and luminis- 20 cence, due to desire to control magnetic phase transition of molecule-based magnetic compounds under optical stimuli. [14] Besides searching for multifunctional materials and their applications in optoelectronics, luminescent molecule-based 2 magnets are interesting also with respect to the fundamental understanding of magnetism. Namely, most of the transition metal ions are not emissive due to 25 the nonradiative relaxation through interactions with low-lying excited states, that makes synthesis of emissive magnets very difficult. [15, 16] Besides progress in chemical synthesis, a better understanding of structural and magnetic correlations is achieved due to the progress in experimental techniques in physics. Electron spin or paramagnetic resonance (ESR or EPR) 30 spectroscopy provides insights into local properties of paramagnetic centers and microscopic picture of the interactions. However, commercially used ESR spectrometers, using a few selected frequencies below 100 GHz, do not always meet necessary requirements for investigation of transition metal complexes with spin S > 1/2. To obtain the spin-Hamiltonian parameters, g-tensor, D-tensor (zero-
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field splitting) and A-tensor (hyperfine splitting), for the complexes with spin S > 1/2, it is necessary to employ ESR spectrometers at high (sub-THz) frequencies performing continuous magnetic field sweeps over a broad range (highfield/high-frequency ESR, HF-ESR). [17, 18, 19, 20, 21] In addition to possibility to study electron spin systems with large zero-field splitting and to detect very In this work, detailed investigation of three 3D oxalate-based CPs with antiferromagnetic (AFM) ordering below 13 K, described by general formula
O} n , where X = Cu(II) or Co(II), is presented.
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Two of the investigated compounds are described by the same chemical formula (SEM, XL30 Philips, IN400) equipped with an electron microprobe analyzer for semiquantitative elemental analysis using the energy dispersive X-ray (EDX) mode. The photoluminescence spectra are recorded using laser radiation at λ exc = 405 nm with power of 5 mW.
Preparation of CuMn2-Red
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Preparation of CuMn2-Green and CoMn2-Yellow was described in Ref. [11] and Ref. [10] , respectively. Here we describe the preparation of CuMn2-Red. 
Single-crystal X-ray study of CuMn2-Red
The single-crystal X-ray diffraction measurement of CuMn2-Red was performed with an Oxford Diffraction Xcalibur Nova R using mirror-monochromated ture. The program package CrysAlis PRO [24] was used for data reduction. The structure was solved with SHELXS97 [25] and refined with SHELXL-2013. [25] A model was refined by a full-matrix least-squares refinement; all non-hydrogen atoms were refined anisotropically. The hydrogen atoms were modelled as riding entities by using the AFIX command in SHELXL-2013. [25] Molecular geome-110 try calculations were performed by PLATON [26] and molecular graphics were prepared using ORTEP-3[27] and CCDC-Mercury (version 3.8). [28] The crystal data, experimental conditions and final refinement parameters for the structure reported are summarized in Suppl. Table 1 
in Electronic Supplementary
Information (ESI). Suppl. Fig. 1 shows SEM pictures of a CuMn2-Green and CuMn2-Red single crystals while Suppl. Fig. 2 shows typical EDX spectra. Manganese vs. copper 145 atomic ratios are presented in Suppl. Table 2 and it could be seen that the average Mn:Cu atomic ratio, measured by EDX, is 2.02±0.04 and 1.97±0.02 for CuMn2-Green and CuMn2-Red samples, respectively.
The photoluminescence spectra of the CuMn2-Green, CuMn2-Red and CoMn2-
Yellow were recorded at room temperature and are available in the SI (Suppl. Fig. 3 ).
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At an excitation irradiation of 405 nm, CoMn2-Yellow shows no luminescence while CuMn2-Green and CuMn2-Red show luminescence with a maxima at 462 and 490 nm.
Molecular and crystal structure of CuMn2-Red
The crystal structure of Λ enantiomer of CuMn2-Green has already been 155 published in Ref. [11] while ∆ enantiomer structure of CuMn2-Red crystal is presented in this study. Namely, CuMn2-Red compound, as well as CuMn2-Green, crystallized as racemic conglomerates, containing enantiomeric crystals belonging to the space groups, P 4 1 32 and P 4 3 32. CuMn2-Red is isostructural
The unit cell parameter (a) is 15.6685 (1) (Fig. 1 (a) ) and polymeric {Mn 2 (C 2 O 4 ) 3 } n 2 n− anion ( Fig. 1 (b) ), and an uncoordinated water molecule disordered about a 3-fold axis. Cu and Mn atoms are located in special positions: the Cu at an intersection of a 3-fold and three 2-fold axes and Mn at a threefold axis, coordination of both metal centres being distorted octahedral (Fig. 1 , Table 1 ). The crystal packing of CuMn2-Red is clathrate-like, with a well-known porous 3D 3-connected (10,3) [32] oxalate- (Fig. 2) ; the complex [Cu(bpy) 3 ] 2+ cations are located inside its large decagonal voids (Fig. 2) . Absolute configuration of the crystal used in this study was established: the space group is P 4 1 32 and both
have a ∆ configuration while the metal-oxalate anionic network consists of a M helices. [10, 33] 3.3. X-band ESR spectroscopy X-band ESR spectroscopy has not revealed any significant difference between CuMn2-Green and CuMn2-Red complexes and therefore the results are 180 presented in SI. 
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Temperature dependence
Temperature dependence of the HF-ESR spectra of all three samples measured at the highest applied frequency 332 GHz is presented in Fig. 6 . 
Simulation
To obtain more accurate values of the g-tensor for the studied compounds, simulation of the ESR spectra was performed using the EasySpin software [38] .
For the simulation we used the reduced form of the spin-Hamiltonian for all three ions, Cu(II), Mn(II) and Co(II): [37] 235
Here g is the g-tensor, B is the magnetic field and S is the spin operator.
As discussed above, no magnetic anisotropy was detected in all three studied compounds. Hyperfine interaction for Cu(II) ions (S = 1/2, I = 3/2) was also not detected in the HF-ESR measurements; it was observed only in Xband single crystal spectra of CuMn2-Green (A = 500 MHz) [11] . Hyperfine Table 2 . Additionally, using the same values of the g-tensor, the simulation of X-band ESR spectra of CoMn2-Yellow was performed (see Suppl. (Table 2 ).
Discussion
The magnetic ground state of the studied compounds could be described as an AFM network of slightly canted Mn(II) spins with the contribution of sample [10, 11] . The magnetic ordering in these Mn(II) networks was studied by magnetic susceptibility [39, 16, 10, 11] , Mössbauer spectroscopy [39] and neutron diffraction [14] measurements but yet is not well understood. The weak
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canting of the magnetic moments in the AFM phase could be connected to occurrence of an antisymmetric Dzyaloshinsky-Moriya interaction, allowed by the non-centrosymmetric space group of these samples.
The temperature at which the manganese line disappears in X-band ESR spectra (Suppl. Fig. 5 and Fig. 7 in Ref. [11] for CoMn2-Yellow and CuMn2-
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Green, respectively) coincides with the intersection of the zero-field cooled (ZFS) and field-cooled (FC) curves obtained by magnetization measurements [10, 11] . ordering in these systems in agreement with magnetization measurements [10] .
Besides magnetic ordering, an interesting point is related to the colors of these Mn(II) oxalate-based magnets, namely, why the investigated compounds
It is well known, that structural defects in the crystal lattice can cause changes in physical properties.
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For example surface defects due to different single crystal sizes and surface to volume ratios could play a role. [40] Indeed, CuMn2-Red crystals were few times smaller compared to CuMn2-Green crystals, as could be seen in the Suppl. Fig. 1 .
However, polycrystalline samples ground into fine powders maintained the same colors as the single crystals and therefore, crystal size effect could be excluded.
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Another aspect that could influence the color of the studied compounds is the composition. However here, the EDX analysis showed that the average Mn to Cu ratio is 2.02 ± 0.04 and 1.97 ± 0.02 in CuMn2-Green and CuMn2-Red sample, respectively (Suppl. It is known that high-spin Mn(II) complexes in octahedral configuration have spin forbidden (∆S = 0) as well as parity forbidden (the Laporte rule) transitions in electronic spectra, which results in the pale pink color of these 300 compounds [42, 43] . In tetrahedral environment, the transitions are still spin forbidden but no longer parity forbidden and therefore are ∼ 100 times stronger.
Such compounds have noticeable colors [42] which is also the case for the studied compounds (see Suppl. Fig. 7 as magnetization measurements and X-band ESR spectroscopy [11, 10, 44, 21] .
However, using high excitation frequencies and high magnetic fields, it is possible to resolve such a small difference in g values. It is known that distortion of Mn(II) octahedra produces anisotropy of g-factor and therefore could cause lineshape changes. [45] However, here observed CuMn2-Green spectra do not 
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